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Westerfield, Lyle B. Brunke, Srinivas Sathiraju, and Justin C. Tolliver

Propulsion Directorate, Air Force Research Laboratory,

Wright-Patterson AFB, OH 45433-7919, U.S.A.

'Materials & Manufacturing Directorate, Air Force Research Laboratory,
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ABSTRACT

It has been previously suggested that with spreading of the temperature-dependent ac
susceptibility curves with increasing applied magnetic field, the quality of the YBCO film
generally decreases. However, a documented study of this correlation to current transport
properties using the imaginary or loss component of ac susceptibility data is not available. A
detailed study was performed using the available data on YBCO films produced by pulsed laser
deposition on different substrates which included LAO, STO, and buffered metallic substrates.
The AT between the temperatures at which the maxima in the ac loss occurs for 0.025 and 2.2 Oe
applied magnetic fields (peak to peak of ") was determined. In addition, the full-width at half-
maximum (FWHM) of the x" vs. T width (AT) of the loss component of susceptibility data was
determined for the 0.025 Oe magnetic field data and the 2.2 Oe magnetic field data for
comparison. A correlation on this level may prove useful as a preliminary screen of YBCO film
quality, especially as good YBCO films can now be routinely made.

INTRODUCTION

For high temperature superconducting (HTS) films a sharp transition in the resistivity vs.
temperature curve at T, as well as a T, close to the maximum value for the given film, are
typically desired for better quality films. In addition to this it has been noted that the quality of
HTS film generally lowers with spreading of the temperature-dependent ac susceptibility curves
as the applied magnetic field increases [1]. However, a documented study of the potential
correlation between the current carrying properties of HTS films and this loss component of ac
susceptibility data has not been published. Without a systematic study, it is unclear how
effective this correlation actually is. This paper presents initial results comparing analysis of the
ac loss data from magnetic susceptibility measurements to the critical current density (J.) as
determined by current transport measurements. It consists of a detailed study performed using
the available data within our research group on YBa,Cu30O7.4 (YBCO) films and YBa,Cu30x.
/Y,BaCuO74 (Y123/Y211) composite films previously developed [2-4].

EXPERIMENTAL DETAILS

YBCO films and Y123/Y211 composite films were produced by pulsed laser deposition
described elsewhere [2-4]. The laser used was either a LPX 3051 model or LPX300 model
Lambda Physik excimer laser operating at the KrF, 248 nm, wavelength. Substrates included
LaAlO3 (100) and SrTiO3 (100) single crystal substrates as well as buffered (CeO,/YSZ/CeO,)
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textured Ni substrates. The oxygen deposition pressure was 300 mTorr kept constant in the
chamber using a downstream throttle-valve control as O, gas flowed into the chamber during
growth. Substrates were attached to the heater using a thin layer of colloidal Ag paint and heated
to ~ 785 °C. After deposition, films were cooled in O, for post-deposition oxygenation. Critical
currents were measured using macrobridges 3 mm long and 0.5 mm wide patterned using an
excimer laser. Transport critical current density (J.) measurements were made at 77K using the
4-probe method and a 1 pV/cm criterion.

The superconducting transition temperature (T.) was measured using an ac susceptibility
technique with the amplitude of the magnetic sensing field, 4, varied from 0.025 Oe to 2.2 Oe at
a frequency of approximately 4 kHz [1,5]. Samples were mounted onto the end of a sapphire rod
and measured as the sample temperature increased through the transition region at very slow rate
(~ 0.06 K/min). The AT, or temperature spread, between the temperatures at which the maxima
in the ac loss occurs for the 0.025 and 2.2 Oe applied magnetic fields (peak to peak of x") was
determined. In addition, the full-width at half-maximum (FWHM) of the %" vs. T width (AT) of
the loss component of susceptibility data was determined separately for the individual 0.025 Oe
magnetic field data and the 2.2 Oe magnetic field data for comparison.

RESULTS AND DISCUSSION

Measured Tcs of the samples were generally 90-92 K for the YBCO samples and 88-90 K for
the Y123/Y211 composite films as determined from ac susceptibility measurements. Thicknesses
of the samples ranged from 0.2 — 1.0 microns. Transport current densities varied and are
displayed in the figures below vs. AT, the temperatures at which the maxima in the ac loss occurs
for the 0.025 and 2.2 Oe applied magnetic fields (peak to peak of x"). Figure 1 shows data for
standard YBCO films and Figure 2 shows data for the Y123/Y211 composite films. In general,
the temperature spread between the ac loss data for the different applied magnetic fields
increases as the critical current density of the films decreases. Even so, the scatter of the data
points indicates that this is more a general rule of thumb as opposed to a precise and rigid
correlation.

Of interest is that there are two “tails” in the figures in which the data either slowly degrades
in J. as the AT broadens or rapidly drops in J. as the AT slightly increases. As seen in Figures 1
and 2, these “tails” can be separated out by the T, of the samples. It is found that chosing a
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Figure 1. Transport J. vs AT for YBCO films
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Figure 2. Transport J. vs AT for Y123/Y211
composite films.
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A value of 89 K best separated the two. The data points were also identified by thickness of the
sample to observe any effect this might have had on the susceptibility data, but no obvious
correlation to thickness occurred. The relationship of the data to T, in the figures may be strongly
influenced by the data being taken near the critical transition temperature. Further, the data
points with a narrow AT and yet very low J., the bottom of the rapidly falling “tail,” can result
from microstructural defects in the film or improper phase formations. These defects can lower
the transport current density across the length of the film and yet locally across the film remain
high. In one of the samples in this category a crack in the film was observed, but it was not clear
for the others samples. Additional work will be required to determine this.

CONCLUSIONS

A detailed study was performed on YBCO films and Y123/Y211 composite films produced
by pulsed laser deposition to study the correlation between film quality and ac loss data from
magnetic susceptibility measurements. There appears to be a general correlation that as AT
widens between the temperatures at which the maxima in the ac loss occurs for 0.025 and 2.2 Oe
applied magnetic fields (peak to peak of y"), the film’s associated J. decreases . The correlation
is stronger than the association with the full-width at half-maximum (FWHM) of the " vs. T
width (AT) of the loss component of susceptibility data as determined for the 0.025 Oe magnetic
field data and the 2.2 Oe magnetic field data. Uncertainty in the strength of the correlation is
caused by the second “tail” in the data which does corresponds to the relative T, but cannot be
fully explained. Although not clear, this may result from the YBCO film and Y123/Y211
composite film still being of good quality but having lower transport J. due to blockages of the
transport current path from microstructural defects, phase impurities, etc. A correlation on this
level may prove useful as a preliminary screen of HTS film quality, especially as good HTS
films can now be routinely made.
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